I suggest simple method for the search of Dark Matter particles and some related particles which allows to measure reliably their mass and spin in a wide class of models for Dark Matter.
I. INTRODUCTION
About 25% of the Universe is made from Dark Matter (DM). There are a number of models in which DM consists from particles similar to those in SM with additional discrete quantum number, which I denote here as D-parity. For known particles D = 1, for new DM particles (DMP) D = −1, and D-parity conservation ensures stability of lightest from these new particles. We will consider such models for DM, in which there is more than one particle with parity D = −1, in particular, neutral DMP, denoted below as D, and its more heavy lightest charged counterpart D ± . It is assumed that all these D-particles have identical spin s D (1/2 or 0).
• The well known examples of such models for DM are given by MSSM and NMSSM. Here D-parity is another name for R-parity, D is neutralino and D ± is chargino, here s D = 1/2. There exists a vast literature here, see for example, [1] .
• The second example is given by inert doublet model (IDM) [2] . In notations [3] , this model contains one standard Higgs doublet φ S , responsible for electroweak symmetry breaking and generation of fermions and gauge bosons masses as in the Standard Model (SM), and another scalar doublet φ D , which doesn't receive vacuum expectation value and doesn't couple to fermions. Four degrees of freedom of the Higgs doublet φ S are as in the SM: three Goldstone modes and one mode becomes the Higgs boson h. All the components of the second scalar doublet φ D are realized as massive scalar D-particles: two charged D ± and two neutral ones D and D A . By construction, they possess a conserved multiplicative quantum number -D-parity, the lightest particle among them is considered as a candidate for DM particle. In our notations the lightest D-particle is D. Here s D = 0.
Detailed limitations for masses of DM-particles from cosmology and collider physics are discussed in many papers (see e.g. [1] , [4] ). Below we have in mind M D ≤ 70 GeV and M D ± > 80 GeV.
We consider production of such D-particles at e + e − linear collider (e.g. at ILC) with electron beam energy E e ≡ √ s/2, provided that the family of D-particles with smaller weight than E e is settled by D, D ± and no more than one neutral (for example D A ). All processes below we treat as basic reactions, e In this section we consider the case when the set of Dparticles in the energy region of ILC is settled by D ± and D. In the considered models the only interaction that couples D and D ± with SM matter is gauge interaction
Therefore, D ± → DW ± with either on shell or off shell W 's is the only decay channel for D ± .
A. Production, decay, signature
We suggest to use D + D − production at ILC:
The lab system here id c.m.s. for e + e − . In this system energies, γ-factors and velocities of D ± are
Neglecting quantity 1/4 − sin 2 θ 2 W (describing γ − Z interference) the cross section of this process reads
(In different models for DMP relative value of Z contributions R
Z can differs from these values by simple numerical factor). These cross sections are of the same order as σ(e + e − → µµ) (which is given by (4) at β = 1). That are huge cross sections for ILC.
• Typical event will have large missing energy carried out by neutral and stable D-particles, the observed momenta are strongly a-collinear, the missing momentum is large and its direction is far from e + e − collision axis. The background final state with the same kinematics can be produced in SM only if missed energy and p ⊥ are carried off by neutrino(s). The value of corresponding cross section is at least by one electroweak coupling squared g 2 /4π or g ′2 /4π less than σ(e + e − → µµ) with g 2 /4π ∼ g ′2 /4π ∼ α. Therefore, cross sections for such background processes are about two orders less than the cross section of the process under discussion. The same estimate is valid for all reactions, considered below.
• • The signature for the process in both cases is:
Two dijets or one dijet plus e or µ with large missing energy and large a-collinearity, with cross section ∼ σ(e + e − → µ + µ − ). Typically these dijets (or dijet and lepton) move in the opposite hemispheres. We denote
In the rest frame of D ± we deal with 2-particle decay D ± → DW ± . The 1 In the description of reaction we denote by W and Z both W and W * , Z and Z * . Here W * and Z * meandijet or dilepton system with quantum numbers of W or Z but with lower effective mass.
energy and momentum of W ± in this frame are
The effective mass of dijet is M W with accuracy to W width. Denoting W escape angle in D + rest frame relative to the direction of D + motion in the lab system by θ and c = cos θ we have energy of W + in the lab system
Therefore, energies of dijets W's are distributed within the interval
Masses. The end point values E (±) give two equations for evaluation of masses D ± and D 0 . In particular, it is useful to note that
Therefore at large enough electron energy (at γ ≫ 1),
At finite γ the exact equations are more complex. The accuracy of this procedure is determined by the accuracy of measurement of dijet energy together with its effective mass and by a width of D ± (if the latter is large). In particular, at s D = 0 the decay
The Γ/M D ± ratio is below 0.1 at M D ± ≤ 500 GeV. The distribution of these dijets in energy is uniform, dN (E) ∝ dE since there is no correlation between escape angle of W in the rest frame of D ± and production angle of D ± . When the width of D ± is not small, this distribution become non-uniform near the end points. The measuring of fine structure of this distribution near the end point will give the total D ± width at least roughly. 
s allows to find the sign of charge of dijet W =in each separate case. It allows to study the charge and polarization asymmetries for accessing of more detail properties of D-particles (e.g. ratio of
III. TWO NEUTRAL D D D-PARTICLES
Here we consider the case when the set of D-particles in the energy region of ILC consists of single charged Dparticle D ± and two neutral D-particles with identical CP, D and
where D can be DMP while D 1 can disappear during lifetime of the Universe. In the discussion below we neglect an exotic case of approximate degeneracy between D and D 1 .
• Let the only interaction that couples D or D 1 and D ± with SM matter is the standard gauge interaction (1) . In this case process (2) is supplemented by similar processes with one or two D 1 instead of D in the final state:
with the same signature (6). The probability of the decay D ± → D 1 W ± is lower than the probability of the decay D ± → DW ± due to smaller final phase space volume in the first case. Therefore σ(a) > σ(b) > σ(c).
The description of basic process
± is described as above, the only new point is that the end points E (−) and E (+) for energy distribution of W 's from decay D ± → DW ± are given by equations (9) while the end points
given by the same equations but with the change
. Therefore in this case the same procedure as above allows to obtain masses M D ± and M D .
To evaluate M D1 let us remind that for each type of decay the energy distribution of W in the lab. system is uniform. The energy distribution of W in the lab. system is the sum of two uniform distributions with the described above end points. The end points E 1 (−) , E 1 (+) are marked by the steps in the density of event energy distribution. They can be used for evaluation of M D1 .
The distribution of dijets in the effective mass can be different. If all masses are peaked around M W , it means 
. In this case mentioned steps in the dijet energy distribution at each M * will be added by steps in the distribution in M * for evaluation of M D and M D1 .
Both channels of D ± decay must be taken into account at comparison of the measured cross sections with (4), (5) for evaluation of spin s D .
• In some models interaction
Dh is allowed additionally. We discuss this opportunity assuming that h is anticipated Higgs boson of SM with mass about 120 GeV, very small width and dominant bb decay channel. Modifications of description for another properties of h, observed at LHC before operations at LC, is simple. In this case reactions (13(b)) and (13(c)) are modified as
The signature (6) is naturally added by one or two bb dijets from the Higgs decay. Using of b tagging allows to distinguish these dijets from W dijets which is necessary for the evaluation of masses. If the ratio (M D1 −M D )/M h is small enough, the D 1 time of life can be so large that one can observe it in the detector.
IV. TWO NEUTRAL D D D-PARTICLES WITH OPPOSITE CP-PARITY
In the IDM together with D and D ± the one more neutral scalar particle D A exists (with mass M D A > M D ) [3] . Here CP parities of D or D
A cannot be defined separately since they do not interact to fermions, but their relative parity is fixed, they have opposite CP-parities. It results in the gauge interaction D A DZ and instability
. Similar particles, interaction and production channel are possible also in some models for fermionic Dark Matter.
So, we discuss now the case when additional neutral D-particle D
A . In this discussion we neglect case of approximate degeneracy between D and D A .
•
The most important new process is
Instead of (3), D A energy, γ-factor and velocity are
In the IDM (at s D = 0) the cross section
This cross section is of the same order of value as σ(e + e − → µ + µ − ). The signature of this process is similar to that given by eq. (6):
Onedijet or e + e − or µ + µ − pair with identical effective mass and energy distributions and with large missing E ⊥ . After the study of process (15) one must to study process (2) and cascade reactions
± is described by the same equation as the decay D ± → DW ± . Its probability is lower than that for decay D ± → DW ± due to smaller final phase space volume. Therefore, σ(a) > σ(b) > σ(c).
The signature of the process (19(a)), just as the process (19(b), (c)) for invisible decays of Z, is given by (6). Just as in the analysis of sect. III, the study of end points in the energy distribution of W allows to obtain M D and M D ± and steps in this distribution can be used to verify value of M D A , obtained via a study of process with the signature (18).
The signature of processes (19(b)) and (19(c)) for visible decays of Z is similar to (6) with adding of dijet or ℓ + ℓ − pairs which represent Z or Z * . If one can distinguish dijets from Z and those from W , the energy distribution of W in these processes can be used to enhance data massive for evaluation of masses, discussed above.
Summation of these 3 cross sections gives total cross section of e + e − → D + D − process, which value gives us the value of spin s D .
• 
The process (20(a)) is the process (15). It can be analysed just as it was discussed earlier. The process (20(b) ) is a cascade process. It can be eliminated from mass analysis of process (2) by using the fact that in difference with the process (2) the observable decay products of this process move typically in one hemisphere.
V. SUMMARY
We present simple and robust method for discovery candidates for DM particles and evaluation of its mass and spin (with evaluation of mass and spin of some other particles with the same D-parity) at ILC/CLIC. These particles will be discovered via observation of processes with signature (6), (18) and with cross section of the order of σ(e + e − → µ + µ − , which is huge for LC. The masses of these particles will be obtained via measuring the details of energy distribution of dijets (representing W ± or Z) near the end points. The cross section measurement of process with signature (6), (18) and similar signature for the derivative processes with cascade decay allows to determine the spin s D of considered candidate for DM particle by comparison with simple SM calculation (the cross sections for s D = 1/2 is approximately 4 times larger than that for s D = 0).
One of proposed processes, e + e − → D + D − , was considered earlier in respect of discovery of neutralino as DMP, etc. (see e.g. [5] ). However, I never saw such approach for simultaneous evaluation of masses and spins of D-particles irrespective to details of model. The advantages of presented approach are following: 1. The cross section of each suggested process is substantial part of the total cross section of e + e − annihilation at considered energy (typically up to tens percents I suggest simple method for the search of Dark Matter particles and some related particles which allows to measure reliably their masses and spins in a wide class of models for Dark Matter.
I. INTRODUCTION
About 25% of the Universe is made from Dark Matter (DM). There are a number of models in which DM consists of particles similar to those in SM with additional discrete quantum number, which I denote here as D-parity. For known particles D = 1, for DM particles (DMP) D = −1, and D-parity conservation ensures stability of the lightest particle with D = −1. We consider such models for DM, in which there is more than one Dodd particle, in particular, neutral DMP D and its more heavy lightest charged counterpart D ± and all these Dparticles have identical spin s D (1/2 or 0).
• The well known examples of such models for DM are given by MSSM and NMSSM. Here D-parity is another name for R-parity, D is neutralino and D ± is chargino, here s D = 1/2 (see for example [1] ).
• The second example is given by inert doublet model (IDM) [2] . In notations [3] , this model contains one standard Higgs doublet φ S , responsible for electroweak symmetry breaking and generation of fermions and gauge bosons masses as in the Standard Model (SM), and another scalar doublet φ D , which doesn't receive vacuum expectation value and doesn't couple to fermions. Four degrees of freedom of the Higgs doublet φ S are as in the SM: three Goldstone modes and one mode which becomes the Higgs boson h. All the components of the second scalar doublet φ D are realized as massive scalar D-particles: two charged D ± and two neutral ones D and D A . By construction, they possess a conserved multiplicative quantum number -D-parity, the lightest particle among them is considered as a candidate for DM particle, here s D = 0.
Limitations for masses of DM-particles from cosmology and collider physics are discussed in many papers (see e.g. [1] , [4] ). These limitations allow existence of discussed particles with masses lower than electron beam energy of ILC/ CLIC. We don't discuss here the case of mass difference
In the considered models the interaction of D-particles with SM particles appears only from the covariant derivative in the kinetic term of the Lagrangian, that are gauge interactions
with standard electroweak gauge couplings g and g ′ . We consider production of such D-particles at ILC with electron beam energy E e ≡ √ s/2, provided that the family of D-particles with smaller mass than E e is confined to D, D ± and no more than one additional neutral D
A . All processes below we treat as basic reactions
with subsequent decay of D ± or D A . The problems which should be solved in these experiments are the following. In all presented cross sections we neglect quantity 1/4− sin 2 θ W , describing γ − Z interference.
II. TWO TYPES OF D D D-PARTICLES, D D D AND D
In this section we consider the case when the set of D-particles in the energy range of ILC is confined to D ± and D with only decay channel D ± → DW ± (with either on shell or off shell 1 W 's).
A. Production, decay, signature
We suggest to use reaction (2a) with decay D ± → dW ± :
In the lab system (coincident with c.m.s. for e + e − ) energies, γ-factors and velocities of D ± are
The cross section of this process reads
(In different models for DMP the relative value of Z contributions R
Z can differ from these values by a simple numerical factor). These cross sections are of the same order as σ(e + e − → µµ) (which is given by (5) at β = 1). For ILC these cross sections are huge.
If
± with on-mass shell W only. We suggest to observe the following final state systems:
• Two dijets fromdecay of W + and W − , with effective mass M W . For this channel the cross section is 0.676
17 is a fraction of µ or e from the decay of τ ).
Typical event will have the large missing transverse energy E ⊥ carried out by neutral and stable particles D. The background is given by SM processes with the same kinematics and with large missed transverse energy E ⊥ , carried off by neutrino(s). The value of corresponding cross section is at least by one electroweak coupling squared g 2 /4π or g ′2 /4π less than σ(e + e − → µµ) with g 2 /4π ∼ g ′2 /4π ∼ α. Therefore, cross sections for such background processes are by about two orders less than the cross section of the process under discussion. The same estimate is valid for all reactions considered below.
If • The signature for the process in both cases is:
Two dijets one dijet plus e e e or µ µ µ with large missing energy and large a-collinearity + nothing, with cross section ∼ σ(e + e − → µ + µ − ). Typically these dijets (or dijet and lepton) move in the opposite hemispheres. 
In the rest frame of D ± we deal with 2-particle decay D ± → DW ± . In this frame the energy and momentum of W ± , observed asdijet with effective mass M W , are
Denoting the W escape angle in D + rest frame relative to the direction of D + motion in the lab system by θ and c = cos θ, we have energy of W + in the lab system
Therefore, energies of dijets from W's are distributed within the interval
The end point values E (±) give two equations for evaluation of masses
At finite γ the exact equations are more complex.
The accuracy of this procedure is determined by the accuracy of measurement of dijet energy together with its effective mass and by a width of D ± (if the latter is large). In particular, at s D = 0 the decay
The Γ/M D ± ratio is below 0.1 at M D ± ≤ 500 GeV. The distribution of these dijets in energy is uniform, dN (E) ∝ dE since there is no correlation between escape angle of W in the rest frame of D ± and production angle of D ± . When the width of D ± is not small, this distribution become non-uniform near the end points. The measuring of fine structure of this distribution near the end point will give, at least roughly, the total D ± width. 
A cannot be defined separately since they do not interact with fermions, but their relative parity is fixed, they have opposite CP-parities. Complete set of interactions in this case is given in (1). Similar particle can also exist in some models with s D = 1/2. So, we discuss now the case when additional neutral D-particle is D
1. The lowest energy threshold for D-particle production has the process (2b) with decay
Instead of (4), D A energy, γ-factor and velocity are
In the IDM (at s D = 0) the cross section is of the same order of value as σ(e + e − → µ + µ − ):
The signature of this process is similar to that given by eq. (7):
Onedijet or e + e − or µ + µ − pair with identical effective mass and energy distributions + nothing and with large missing E ⊥ . 2. After the study of process (12) one must to study process (2a) and cascade reactions
The decay D ± → D A W ± is described by the same equation as the decay D ± → DW ± . Its probability is lower than that for decay D ± → DW ± due to smaller final phase space volume. Therefore, σ(a) > σ(b) > σ(c).
The signature of the process (16(a)), just as the process (16(b), (c)) for invisible decays of Z, is given by (7). Each decay D ± → DW ± and D ± → D A W ± is described by identical equations, the only new point is that the end points E (−) and E (+) for the energy distribution of W 's from decay D ± → DW ± are given by equations (10) while the end points E To evaluate M D A from this reaction let us remind that for each type of decay the energy distribution of W in the lab system is uniform. The energy distribution of W in the lab system is the sum of two uniform distributions with the described above end points. The end points E In this case the above mentioned steps in the dijet energy distribution at each M * will be added to steps in the distribution in M * . The signature of processes (16(b)) and (16(c)) for visible decays of Z is similar to (7) with adding of dijet or ℓ + ℓ − pairs which represent Z or Z * . If one can distinguish dijets from Z and those from W , the energy distribution of W in these processes can be used to enhance data massive for evaluation of masses, discussed above.
